ABSTRACT:
, showing a unique example of self-recognition and organization of three stereoisomers on crystallization.
Self-recognition and organization among enantiomers of chiral molecules is essential for the rational synthesis of chiral functional materials, such as chiral separators, asymmetric catalysts, and ferroelectric and non-linear optical materials, as well as for the understanding of homochirality in nature. 1, 2 In this context, the control of selfrecognition/organization upon chiral molecular assembling and crystallization processes has attracted much attention in synthetic chemistry for many years.
3-5 In a molecular level, the chiral-recognition leads to the selective formation of a pair of enantiomers (racemic isomer).
3 On the other hand, a racemic mixture of enantiopure crystals (conglomerate crystals) is produced by the homochiral recognition in a crystalline level, which is referred to as 'spontaneous resolution' on crystallization. 4 To date, a great number of reports on the homochiral assembly in either molecular or crystalline level has appeared in organic chemistry, coordination chemistry, and supramolecular chemistry. 5 In recent years, interests of researchers in this research field have shifted to explore more complicated recognition systems that are closer to living systems, such as a high degree of chiral recognition that involves a hierarchical chiral-sorting process, 6 partial spontaneous resolution that generates both conglomerate and racemic crystals in a crystallization process, 7 and chiral autocatalysis that leads to a single enantiopure product through a spontaneous symmetry breaking process.
8 Examples of such non-classical phenomena are still limited in number, and the finding of a novel system that shows unique recognition/sorting behavior of chiral molecules is of great demand in this research field.
In the course of our continuing studies on the rational creation of chiral metallosupramolecular architectures by using multifunctional metalloligands with thiol-containing amino acids, -units in solution, followed by the self-recognition and organization of the three stereoisomers on crystallization. To our knowledge, such a precise selfrecognition of three stereoisomers into the three different kinds of crystals is unprecedented, although chiralscrambling phenomena through ligand exchange reactions have been reported. 13 In addition, the normal alternatearrangement of cations and anions was observed in the crystal structure of D 2 L 2 -[1](NO 3 ) 2 , which provides us an insight into the importance of homochirality to the formation of the unique crystal structure found in D 4 -or L 4 -[1](NO 3 ) 2 . 2+ in a 1:1 ratio was added an excess amount of NaNO 3 as a source of counter anions. When the mixture was allowed to stand at room temperature for several days, two kinds of purple crystals with different shapes, triangular pyramid (A) and square plate (B), appeared and were separated manually for characterization.
16 X-ray fluorescence analysis indicated that both A and B contain Co and Au atoms in a 1:2 ratio, and each of their elemental analysis data were in good agreement with a formula for the nitrate salt of [1] 2+ . 14 The IR spectra of A and B are quite similar to each other, showing several strong bands due to pen, dppe, and NO 3 -.
14 From these results, each of A and B is assigned to the expected nitrate salt of [1] 2+ .
Single-crystal X-ray analysis revealed that one of crystals A crystallizes in a chiral cubic space group of F23 and that its structure is identical with that of the previously reported homochiral Au 2+ } 6 supramolecular octahedron, accommodating a nitrate anion in its center (Figure 1b) . Furthermore, the {D 4 - [1] 2+ } 6 octahedrons are closely packed in a face-centered cubic (fcc) structure to construct a homochiral crystal consisting only of D 4 - [1] 2+ (Figure 1d ). The anomalous aggregation of ten nitrate anions into an adamantane-like {NO 3 -} 10 structure was also observed (Figure 1c ). On the other hand, another crystal A was found to contain L 4 - [1] 2+ , six of which are self-assembled to form the homochiral {L 4 - [1] 2+ } 6 supramolecular octahedron.
14 Again, only the homochiral {L 4 - [1] 2+ } 6 octahedrons are closely pack in a homochiral fcc structure, with the concomitant aggregation of ten nitrate anions into an adamantane-like arrangement (Figure 1e-1h Single-crystal X-ray analysis was also performed for the other purple crystal B, which revealed a centrosymmetric space group of P-1 for this crystal. 14 2+ complex-cation is connected to two adjacent complex-cations through intermolecular hydrogen bonds between carboxylate and amine groups of pen to form a 1D chain. The 1D chains are further connected to each other through intermolecular CH···π interactions between methyl group of pen and phenyl group of dppe, constructing a gridlike 2D sheet structure. Each nitrate ion is accommodated in each void space surrounded by the D 2 L 2 - [1] 2+ complex-cations (Figure 2b) 2+ . This finding clearly indicates that a certain chiralscrambling reaction occur in the course of the crystallization process. Since the heterochiral D 2 L 2 - [1] 2+ is composed of [Co(D-pen) 
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